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DIRECT CONVERSION RADIO TRANSCEIVER 



Ft^ld 

r The invention relates to a radip transceiver and an integrated circuit 
embodying & radio transceiver, each having , a low IF receiver and a transmitter 



arfc&fsUit^bteLfbr use partteularty, but not exclusively, In the 2.4GHz ISM 




Mdbj networking standards such as FH88 802,11 and SWAP-CA 
retji|rejthb use of a CSMA (Carrier Sense Multiple Access) protocol in which a 
radio tejrr^ina) requiring to transmit must prior to transmitting, monitor the radio 
channel on which it wants to transmit to check that it is not being used by 
anb^er radio terminal, if the channel is in use. the radio terminal wiH refrain 
fronfi tmnsmitting. The efficiency of a CSMA protocol is dependent on the 
specjd ^t I which a radio terminal can switch from receive mode to transmit 
mddk jWhifc it is switching ft cannot receive and so cannot detect if another 
radio t^minal starts to transmit, which may result in a clash of transmissions. 
A shoni receive/transmit switching time Is desirable to minimise clashing, 
thenebyj rrjaxf mlslng radio channel utilisation efficiency. 

i ] fcetfio standards such as FHSS 802.11 require the use of a Time 
Drvjs)on ^ultrple Access protocol in which a. radio terminal alternates between 
tiansmijtlrtg gnd receiving. Again, a short switching time between receiving 
and iraiishilttihg modes is desirable to minimise the dead time when the; radio 
terchfha cannot communicate. 

\\ Qrip rrfethod of switching between modes is to employ separate local 
oscilfat4rs; for the transmitter and the receiver, but this is expensive. A 
ch^apef njiethod of switching between modes is to retune a common oscjHator, 
butyls Is MoW. 

■J. Tfhe use of highly Integrated transceiver architectures is desirable to 
achieve! a low radio terminal cost One receiver architecture which can be 
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Integritejd readily is the low IF architecture using a polyphase IF fitter. Such 
an irktihtiurG is described in European patent application No. 99044448.2 
(unp^bttehed the date of fiHng the present invention). Low IF receiver* 
using |a Rofyph&ae iF fitter can be susceptible to interference from a transmitter 
opetejtin^ on a nearby frequency, This problem can be accentuated in radio 
frequ^cy bands such as the 2.4GH2 ISM band where there is uncoordinated 



.;' • Ojiej sofcrtion for alleviating interference, which is disclosed in European 
patahf ajipifcatton No > 99944448.2, is to switch local oscillator (LO) injection 
1^^^4 r thereby shifting the Image frequency of the receiver. One method 



in European patent application No. 99944448.2 for implementing 
this 4 invert the LO Signal injected for either the 1 (tn-phase) or the Q 
(qua^atiiii) ojamponent of the received signal. 

: I it lis. desirable to reduce the cost of a transceiver by re-using circuits for 
the ;trar4nWr and receiver where possible. One transceiver architecture 
emp^ifgjreuae is disclosed in USA patent no. 5,392,460 In which a reference 
fcqjjMy issuer «>mh»n to both transmitter and receiver is employed, 
howeveij separate frequency synthesisers are used for the transmitter and 
recehkr fo this prior architecture, modulation by an analogue signal is applied 
to transmitter synthesiser prior to up-conversion and modulation by a 
dlgite) signal is applied after up-conversion. 
. •! -j 4rtjth«^ transceiver architecture also disclosed In USA patent no. 
^oj reuses the synthesiser which generates the receiver LO injection 




signal 4 4k4 senerate Jmnsmitter L0 '"ioctton signal, but combines this 
with ■' ji ie^ond, transmitter synthesiser to mix up to the final transmit carrier 
f reoA»njyi Again, modulation by an analogue signal is applied to the 
trar^nitter synthesiser prior to up-converslon and modulation by a digital 
slgl4i 4 applied *fe f up-converslon, 

; { tf either of these architectures disclosed in USA patent no, 5,392,460 
. waftftj be used to implement the technique of LO switching described in 
Eurb^n patent application No. 99944448.2, or for CSMA, or for TDMA, this 
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woufd entiail twitching, the receiver synthesiser, which would be slow* resulting 
in w urtdtelr^ble period during which reception is not possible. 
Di9cfos&r^ of Invention 

f /In object of the invention is to provide an improved transceiver capable 
5 of fafct ^witching times aind reuse of components between Vie transmitter and 
recfetve| t and suitable for a high level of Integration, 

\_ I Recording to one aspect of the Invention there Is provided a half duplex 
radio transceiver adapted to transmit and receive on a common frequency, 
comprising a transmitter and a low IF receiver, further comprising signal 
io generation means, the signal generation means comprising first and second 
freqiieqby generators, wherein the first frequency generator generates a signal 
at a hotfiihal carrier frequency during reception and transmission, wherein the 
seboihd (frequency generator generates an offset signal which during reception 
is at IF firequency, and wherein during reception the signal generated by 
15 the first? frequency generator Is combined with the offset signal to produce a 
down-c6nVer^ion signal. 

i E y Using the first frequency generator to generate a signal at the carrier 
freqUenpy ftrf use by the transmitter and receiver for transmission and 
receirtlcjn -respectively without switching the frequency of the first frequency 
20 gene/atbr^ transceiver switching times between transmit and receive modes 
can M^P* ^ or t and components can be reused between the transmitter 
and fec^iyer. \ the difference between the carrier frequency and the firequency 
of tfe ifdwn^converslon signal of the receiver is provided by the second 
freqifenj^ geMrator. In some implementations the first and second frequency 
25 gert^atori may use a common frequency reference source. 

! |. 6ukig\ transmission, modulation may be applied to either the first or 
seoopdjl^quency generator, 

\ j: iji ^embodiment of the invention, during transmission the sighal at 
the; tbmirial darner frequency generated by the first frequency generator is 
30 direcftty hibduiated by an information signal. 

k 1ft another embodiment, during transmission the offset signal generated 
by the ciecond frequency generator is modulated by the information signal and 

: vl I i ^ 
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the; fQfdl generated by the first frequency generator te modulated by the 
mc^&fafei offiset signal, thereby producing a modulated earner signal by 
lndfejm|xiu|atton of t^ carrier frequency signal 

( lh a farther embodiment of the invention in which the modulation is 
5 apfSJted jtd the! second frequency generator, the second frequency generator is 
locked io a frequency reference during reception, a control signal to the locked 
seoopdiftpqifency generator is sampled during reception, and the sampled 



fefenaj to used to control the frequency modulation deviation during 



10 




tft£ second frequency generator may optionally comprise a VCO or a 
nu^Ticiaijy controlled oscillator (NCO). 

\ In a further embodiment of the invention the receiver down-conversion 
sigheM dart switched between high side injection and low side injection. By 
thfe rtieans interference on the image channel may be alleviated. 

I i Ijjv^i fUiither embodiment of the invention the transceiver is Implemented 
in drilnljegrat|d circuit 
SH^D4s4ription of Drawings 




mixer 



, > %te invention will now be described, by way pf examples, with 
tefirfniteito tfie accompanying drawings wherein; 

: i figure- 1 is a block schematic diagram of a first embodiment of a 
trandbeivdr mkde In accordance with the invention, 

*\ Figure; 2 is a block schematic diagram showing a complex 
strydturfe used in the transceiver shown In Figure 1, 

r i FfigjUrel3 is a table of the transceiver settings required in transmit and 
receive jmbdek for the transceiver shown In Figure 1 , and 

Ffigure ;4 is a block schematic diagram of a second embodiment of a 
trail^caivdir rrtiade In acjoordance ^th ttie . 

:V r ^igjureiS Is a block schematic diagram of a third embodiment of a 
tteft&eh/er made In accordance with the invention. 

f j in the .drawings, equivalent blocks have been labelled with the same 
refi^nleinuiifier^. 
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Med* fbr jCarty but the Invention 

' ;J | Three example embodiments will be described. Referring to Figure 1 

which illjjsitrates the first embodiment, there Is a signal generation means 2 

having ajn Input 3 for an input information signal that is to be transmitted, a first 

5 outfiii 4j a|nd & second output 5. The signal delivered to these outputs is 

depe&Mnt or * the mode of operation of the transceiver, and is described 

beldW. frtie first output 4 of the signal generation means 2 is coupled to a 
• ■■ ; : y 't;-:- : 
transmitter pojffer amplifier 7, the output of which is coupled to an antenna 

swltfeft Sti kbi antenna switch 8 is also connected to a receiver amplifier. 10 

io and f the fs^tiinij of the antenna switch 8 determines whether an antenna 9 te 

con^ct|dj to the output of the transmitter power amplifier 7, when the 

tranicel\fe( is ; operating in a transmit mode, or to the input of the receiver 

ampfiflerj io, jwhen the transceiver is operating in a receive mode. The 

ope^Jo^ (ft the antenna switch 8 is controlled by a control means 1 00. 

is ■ • "i ? Tfiejoutput of the receiver amplifier 10 Is coupled to a first input of a first 

mixed 1 1 ahd to a first input of a second mixer 12. A second input of the first 

mtxe»| 1 ij Is poMpted to the first output 4 of the signal generation means £ and 

a seMj>n<t ihpuf of the second mixer 12 is coupled to the second output 5 of the 

si$nM gfnfcrafjbn means 2. An output from the first mixer 11, corresponding to 

20 the|rj-p|a^e ft) component of the received signal, is coupled to a first,: In- 

pha&s^njat Ifcput of a polyphase IF filter 13. An output from the second mixer 

12, ^rr6s^on^iIng to the quadrature (Q) component of the receiver signal, is 

couplkrjtoia fitet switchabla inverter 16, and an output from the first switchabla 

inver&r flQ is ioupled to a second, quadrature signal input of the polyphase IF 

25 filter 13.! dirstiand second, in-phase and quadrature respectively, dutputs;flnom 

the;yy»Has^ filter 13 are coupled via respectively amplifiers 9 and 17 to in- 

phafee sljhdi quadrature signal Inputs respectively of a demodulator 14, which 

i baseband information signal on an output 15. 

1^4 si q| naJ generation means 2 comprises a first frequency generator 40 

so and 4 s^cbndj frequency generator 41 . The structure of the signal generation 

means k WW now be described together with its use to generate various 
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striate required for the transceiver to operate in a transmit mode and In a 
re^iv^ njiodo. 

J |The fljst frequency generator 40 comprises a frequency reference 25 t 
suc|i as a costal oscillator, a carrier frequency synthesiser 26 and a first 90* 
Wtet 28. An output of the frequency reference 25 is coupled to an 
ejf jhe (carrier frequency synthesiser 26 which generates an In-phase 
sfgnpl jccimpiinent cos©ct at a nominal radio carrier frequency <» c which is 
supplied h $ "rat Input of a complex mixer 1 The in-phase signal component 
cos4t|fsj al£o supplied to the first 90° phase shifter 28 which generates a 
quafratore signal component sin©ct at the nominal carrier frequency a* which 
is implied to; a second input of the complex mixer 1 . 

i f ^mfctiveiy, for fixed frequency applications, the first fteqiiericy 
generator 40j can comprise a fixed carrier frequency oscillator instead of the 
cornbinbtion Of frequency reference 25 and carrier frequency synthesiser £6. 

[.\. p)o Second frequency generator 41 comprises a voltage controlled 
os$jat$r j(VCO) 27 which generates an in-phase signal component cos<K> D t at. 
a variable offset frequency cd* on a first output 18 which is supplied to a third 
in^u| o| ttje cjomptex mixer 1 and a quadrature Signal component sln©ot on a 
seMdiotrtpqt 19 which is supplied to a fourth input of the complex mixer 1. 

i. i; .A 



Jty controlling the voltage input to the VCO 27, the VCO 27 may 
ftom oscillating, and reversed such that the quadrature signal 
eijit oil the second output 19 is inverted to become -sinooot Such a 
in International patent application PCT/EPOD/00514. 
I to Figure 2 which shows the structure of the complex mixer 1, 
thete isj ajthlrtJ mixer 30. a fourth mixer 31, a fifth mixer 32 and a sixth mixer 
33; A 




vcofis 




lit of the fourth mixer 31, and a first input of the sixth mixer 33, is 
coupled to accept the in-phase signal component cosoet at the radio carrier 
frequency vo which is supplied to the first input of the complex mixer 1 . A first 
input ofi the third mixer 30, and a first input of the fifth mixer 32, is coupled to 
acdtifpt Ihe quadrature signal component sirxDgt at the radio carrier frequency 
o&c Which fe supplied to the second input of the complex mixer 1 . 



1 
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; 4 afecohd input of the fourth mixer 31 , and a first Input of the fifth mixer 
32, & doOpted to accept the VCO irvphase signal component cos®ot at the 
frequency) a* Which fe supplied to the third input of the complex mixer 1. 
: ■ j "ijhe quadrature signal component sin<o 0 t delivered on the second output 
5 19 pjjnrj the VCO 27 to the fourth input of the complex mixer fe coupled to a 
seriond feWtchabte inverter 36 which can, under the operation of control moans 
1 t)d, Idejfv^r either the non-inverted or inverted version of the VCO quadrature 
signdl c^mpohent The VCO quadrature signal component output from the 
cecb^^tchable inverter 36 is coupled to a second input of the sixth mixer 
!0 33 Wid jtoj a rjron-switchable inverter 29. An output from the noh-switchftble 
inverter |2£ is coupled to a second input of the third mixer 30. 

: I Tp6 following products are formed and delivered at outputs of the third, 
fourth fifth and sixth mixer outputs when the VCO 27 is running forwards 
(thereby djellv^ng cosoot and sincM at its first and second outputs 18 and 19 
i s respectively) and second switchable inverter 36 is set to non-invert: 
S ; M Output of third mixer 30 = -sincM xsincoot 
;.! I I Output of fourth mixer 31 = cosa^t xcosa>ot 
\\ j'T dutput of fifth mixer 32 » slrw&et xcosa>gt . 
\\\] btrtput erf sixth mixer 33 = coscM xeincoot 
20 ' i.Ab {output of the third mixer 30 is coupled to a first input of a first 
sunrifffarj 3jl arid an output of the fourth mixer 31 is coupled to a second input 
of th4 fiM st^nmer 34. An output of the first summer 34 supplies th^ first 
output 4 of th6 complex mixer 1 and is the m-phase component of the carrier 
plui^Cp frequency Le. 
25 •■■!.£ H IjCoafiQct x cosoot ] - [ 8in©ct xsin©ot]= cos^+a^yt 

wheifth^ VCO 27 is running forwards, thereby delivering sino 0 t at its second 
output 19, and second switchable inverter 35 is set to non-invert 

I Lflji Jout^ut of the fifth mixer 32 Is coupled to a first input of a second 
sumrftert 35 add an output of the sixth mixer 33 is coupled to a second input of 
30 thesjbeor^ summer 35, An output of the second summer 35 supplies the 

'■■ \ \ : ; • " • 
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second obtyut 5 of the complex mixer 1 and is the quadrature component of 
the c^^dr^lusivCQ frequency i,e, 

f j j [ slncoct xcoso><,t]+ [casa^ X8ina> a t] - sin (c»c + c*)t 
when the VCO; 27 is running forwards, thereby delivering sinoot at fts second 
cutpfitfl 9^ £hd Second switchable inverter 36 is set to non-invert 

eji thie second switchable Inverter 36 is set to invert, with the VCO 
djs, the output of the first summer 34 supplies to the first output 4 
plex:mixer 1 the in-phase component of the carrier minus the VCO 
\k < 

io H".| I I co$©ct xooscDot]* [sincftct xsint&ot]" cos (oc-wojt 

and th| obtji>ut 6f the second summer 35 supplies to the second output 5 ofithe 
complex rriixeri 1 the quadrature component of the carrier minus the VCO 
freq^efK^i^. j. . 
••'*]. I | [jlnc&ot xcosopt]- [oosffict xslrwoot] a sin (Oc-09o)t 
15 The signal components described ?bove are used when the transceiver is in a 
receiyi njjode, <as will be described below. When the transceiver Is in a 
tranept rjricide |he second switchable inverter 38 te set to non-invert and the 
VCO|2f7 iMy optionally be reversed thereby delivering cosco©t and -eihayt at 
fts irv^ia^jand quadrature, first and second outputs 18 and 19 rsspectiveiy. 
20 In th£ jca^ei the ou$ut of the first summer 34 supplies to the first output 4 of 
rtii*er 1 the In-phase component of the carrier minus VCO 
i& [' 

f) : | ; C ^osoa^ GOS€30ot 3-^-1 x J = oos <ccte— coo>t: 
In thjb!v^y[ reyBrsing me VCO 27 has the effect of inverting the frequency 
25 devi^n fdii th| carrier signal. When the transceiver is in the transmit mode 
the sighalj delivered by the second output 5 of the complex mixer 1 is not used. 

:. jTh£ Signals generated fit the first and second outputs 4 and 5 of the 
signal j^heMon means 2 as required for transmit and receive modes, and 
the s£|in$j8! of the switchable inverters 16, 38, are summarised in the table of 

30 ngufe!3.l ! 

• • rl \ :j ] k 




•i * 
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j \ Rbfem'ng again to Figure 1, the frequency reference 25 Is coupled to a 
divider ^jwhjch divided the frequency reference signal down to a low IF. 
iVpfcailji ^he itow if is equal to half of the channel spacing, but other 
cohV^ni4nt frequencies may be used. An output of the divider 24 Is coupled to 
a fir$tjinj>ut ofla phase detector 20. The In-phase signal delivered by the first 
output 1 k of the VCO 27 Is coupled to a second input of the phase detector 20, 
An Giftpwt jof the phase detector 20 fs coupled to a first input of a selector 
svvft^H 2b. j and en output of the selector switch 23 is coupled to a voltage 
oorrtNi irjpiit of the VCO 27. 

l jA| Inpk Infoimation signaJ supplied to the Input 3 of the signal 
gen^rbtlinimqans 2 is coupled to an input amplifier 22, and an output of the 
input ^pllher ji22 is coupled to a second Input of the selector switch 23. 

j f Farther |the output of the phase defector 20 Is coupled to a sample-imd- 
hoW- plr^it 21; and an output of the sample-and-hold circuit 21 is coupled to 



15 the inj> 



inpu^ amptifij 



ier 22 to control the level of Hie input signal supplied to the 



volt^gk ^ntrolj input of the VCO 27. 



i V^n t&e transceiver is required to operate In receive mode with Wgh 



h) 



sideltf) p^cti^n the following settings am made by control means 100. 
a) ijy ijejefctor switch 23 Is set to deliver to its output the signal delivered; 
lly p|aae detector 20, thereby forming a control loop such that the 
CO &7 ia locked to the divided frequency reference signal at the low IF. 
VCO 27 runs forwards and the second switchable Inverter 36 is set 
^> jwM^Vert such that the generator 2 delivers on outputs 4 and 5 
fesbejctivity the frv-phase and quadrature components of the carrier plus 
cpSset r fre|uency which are used as high side down-conversion slgnats by 
fiejfirjst afw second mixers 1 1 and 12 respectively, 
fhi ffcat switchable inverter 16 is set to non-Invert. 
: ( tf art interfering signal appears on the image channel the receiver is 
switchedj to iqw side LO injection by setting the firat and second swttchable 
Invert&nw lfe» 36 to Invert By switching the second switchable inverter 36, 
rather thkri reversing the VCO 27 to generate -slnuA disruption to the control 
loopi |vh cli oduld corrupt the received signal, is avoided. Depending on bow 
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thtf po^ha^e filter is implemented, some fitter coefficients may need to be 
jfliWh^n switching LO injection, 

pc^vefoeiy, if interference appears on the fmage channel when the 
redejye^ fs s^t for low side LO injection, the receiver can be switched to high 
sid^L4 njue^ion by setting the first and second switchable inverters 16, 36 to 
nbn4nvferl 

:. ; Vvjien thQ transceiver fe required to operate in transmit mode the 
folF^iw'ng fiotting ara made by control meana 100, ' 
a) | The jeei^ctor switch 23 is set to deliver to its output the Input inforroation 
; [sl^nkl received from the input amplifier 22, thereby enabling the VCO 27 
" [toj tie Modulated by the input signal. The level of the input signal 
: cdejtermlnes the frequency of the VCO 27 and hence the frequency 
Irt^v&tioft 00 transmitted carrier signal 

tltjo ^rtple-and-hoid circuit 21 is set to hold thereby enabBng the voltage 
fori the ©ampte-and-hold circuit 21 which is sampled during receive mode 
to ^ct as a reference to control the input amplifier 22 and hence the 
iert^y deviation provided by the VCO 27. tn this way, tolerances in 



c) 



]ncjw 



Si 



|ttub VC0 components are compensated for. 



^ > pedj&hd switchable inverter 36 is set to non-Invert The frequency of 
; jjftfe ^Qflft delivered on the first output 4 of the signal generation means 2 
f |iskdua|tp the carrier frequency plus the deviation caused by the input 
; I linljoi^na^n signal when the VCO 27 Is running forwards, and is equal to 
• ]th| carrter frequency minus the deviation caused by the input information 
■ Signal wjien the VCO 27 Is running backwards, 
i-jlf jd^irtjtf, the polarity of the deviation may be reversed by setting this 
sec^pd^itclable inverter 36 to invert. 

i \ V tljje ability to switch between low and high side injection in the receiver 
is hat kqulr£d, the first and second switchable inverters 16, 30 may be 
omitfedi fcjeinfc replaced by direct connections. Furthermore, the skilled rjB&der 
wflirpaky rebognise that such a fixed irtfection may be set to either high side 
or folv ^idjs by appropriate choioe of signal polarity* 
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; Referring to Figure 4, in a second example embodiment, there te a signal 
generstipni meians 2' having the input 3 for an input information signal that is to 



be transmitted, the first output 4 and the second output 5. Apart from 
differences in;; the internal structure of the signal generation means 2'; the 
5 structtir^ ojf the transceiver is the same as described for the first embodiment 
aboy$, So pniy the differences in the structure of the signal generation means 
?' w»l|bej described. 

\ Thei method of generating in-phase and quadrature signal components 
cosc&jt and sfnooot is the same as in the first embodiment shown in Figure 1 
io andic|sstribed above. The in-phase signal component cosa>oi Is coupled: to a 
first liipijt 6f a seventh mixer 43 P and the quadrature signal component sirtoM 
i o^|pI^d jto a first Input of an eighth mbter42. 

[ hifphase and quadrature components at the carrier frequency, cosoot 
and ;4n4ct ; reafpectively > are delivered from the first frequency generator 40 by 
15 the p^e shi^ng circuit 28'. The In-phase component cosoet is coupled to a 
sec6lid iiiput of the seventh mixer 43, and the quadrature component stna c t is 
coupled So! a second input of the eighth mixer 42 via a third switchable Inverter 
49. jkn Output from each of the seventh and eighth mixers 43, 42 is combined 
in ai^njrribr 45, and the resultant sum is delivered on the first output 4 of the 
20 signy generation means 2\ The resultant sum Is routed through a second 90* 
phM .^ijterf48 and the resultant phase shifted sum is delivered on the 
|>ujtpuf 5 of the signal generation means 2\ 
^plirig of the signal generation means 2 1 of the second example 
eiT^i^nt by means of outputs 4 and 5, to the remainder of the transceiver 
25 is '\hl sjarjie as the coupling of the signal generation means 2 of the first 
example ^nbbdiment shown in Figure 1 and described above. 

• W&eft thte transceiver is transmitting the combination of the seventh and 
eighth ^ibicere 43 and 42 arid summer 45. form the well known direct up- 
conyfers|o^ tojwrtogy and delivers on the first output 4 of the signal generation 
30 iq*yb £' * cttnier frequency signal modulated by the input infonriatlon signal 



i ! 
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When trie transceiver Is receiving, and the third swftchable inverter 49 is 
set-fafy £ohtrqi means 100 to non-invert, the combination of the seventh and 
eighth ffibterg 43 and 42 and summer 45 delivers on the first output 4 of the 

r.' v ;!■ j ' 

serial generation means 2' ait in-phase component of a down-conversion 

<:? .j ! (cosoot x coscM ] + [ sincoct xsin<D 0 tJ = cos (co c -a> 0 )t 
and lifter jthe ; phase shift in the second 90° phase shifter 48, a quadrature 
corfyjtorferjt of a down-conversion signal, cosfate - a^t, is delivered on the 
se^|d output 5 of the signal generation means 2'. 
10 j: | lii this way, down-conversion by low-side Injection can be implemented. 
Alsb.^eh low-side Injection Is being used, the first swftchable Inverter 16 is 
irtvert to enable the polyphase filter 13 to select the required received 



• V In order to Implement high side Injection, the third swttchable inverter 49 
15 is t£ Invert, thereby resulting in cosfe + a 0 )t and sin(<p 0 ♦ <&o)t being 
deliy&rejj ion the first and second outputs 4 and 5 respectively of the signal 
ger^rsrti^ri mdans 2\ and the first switch able inverter 18 is set to non-invert 

: i: deferring to Figure 5, in a third example embodiment, there is a signal 
gemtatjor) m^ans 2" having the Input 3 for an input information signal that is 
20 to bi transmitted, the first output 4 and the second output S. Apart from 
differences irtf the internal structure of the signal generation means the 
Of ttje transceiver is the same as described for the first embodiment 



ii &q; only the differences In the structure of the signal generation means 
2'- will be | described. During transmission the input information signal is not 
25 ap^i^d jto! modulate the second frequency generator 41 but is instead applied 
to modulate ttte first frequency generator 40, for example by injecting the input 
Jnft^|iatioh sfgnal into the carrier frequency synthesiser 26 thereby modulating 
mefqanjief frequency signal directly, in this embodiment during transmission 
the! ^ecj^rid frequency generator 41 does not contribute to the modulation of 
30 the; darker frequency signal so the second frequency generator 41 may be 
stopped bjy control means 100 from oscillating or (not illustrated) the first and 
sera^ ioutpMts 4, 5 of the signal generation means 2 may be supplied directly 



i 
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wfth.lri-phaW and quadrature components of the modulated carrier frequency 
signal! delivered by the first frequency generator 40 instead of being supplied 

• ] In? ajiy of the example embodiments, optionally the second frequency 
genenjrtpf41 nfay be Implemented as a numerically controlled oscillator (NCO) 
prodUa'n| dlgi^J versions of the Jn-phase and quadrature components cosset 
and sjnoiiBtiwhlch are then converted to the analogue domain by digital to . 
ana^ue(obnv6m!on and low pass filtering. 

frtia \ skilled reader will readily recognise alternative locations fur 
perfc^irjg jthe^slgnal Inversion required when switching between tow-elde and 
hlgh^ejinJecBon. 

; ;if th^ ability to switch between low-side and high-side injection is hot 
requ^fthb «Mtohable inverters 16, 36 l 49 may be omitted and replaced by 
direct coi|p^ng;f Furthermore, the skilled reader will readily recognise that such 
a tlx^d iftectidn may be set to either high side or low side by appropriate 
cholc^of jsfjjnaf polarity. 

!. p^Hdnaljfy, the first frequency generator 40 can comprise an oscillator 
operating! at 4 frequency higher than the nominal carrier frequency, for 
ktja frequency 2©* and the phase shifting circuit 28* can comprise a 
i A for example divide-by4wo. This option Is convenient for a 





l^naljy, although not illustrated, means may be provided to disable 
ect transmitter portions of the transceiver when the transceiver is 
rdceiyik^j ftjir example to prevent leakage from the transmitter into the receiver. 

I iP^naly. the transmitter power amplifier 7, instead of being coupled to 
a sinlf* |uiputjof the signal generation means 2 (output 4 in the enr^imeftte 
descHbed &bo?e), may be supplied with the sum of the quadrature signals 
deli^^djon thje first and second outputs 4, S of the signal generation means 



Iridu 




ItcabiBty 
transceivers. 
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4- flvj -j AtHalf duplex radio transceiver adapted to transmit and receive 
fjtonj frequency, comprising a transmitter and a low IF receiver/ 
;ftj^^o|rt^ri|ng signal generation means, the signal generation mekns 
cori^)l|jif«j jjretjand second frequency generators, wherein the first frequency 
g6ne^i|g£neirates a signal at a nominal carter frequency during reception 
rif^Ioh, wherein the second frequency generator generates an offeet 
during reception is at a low IF frequency, and wherbln during 
.jthjB sjgnal generated by the first frequency generator is combined 
t signal to produce a down-conversion signal. 




wtbtM: 



15 



20 



25 



30 



j A transceiver as claimed in claim 1, wherein during transmission 
g&nafated by the first frequency generator is directly modulated by 
qn sjgnal. 

•| A transceiver as claimed In claim 1, wherein during transmission 
sjign^l is modulated by an information signal and the signal 
by tfie first frequency generator is modulated by the modulated 
jtha^eby producing a modulated carrier signal. 

4* ] A ^transceiver as claimed in claim 3, wherein the second 
frequdnjpy [generator Is locked to a frequency reference during reception, a 
coMiti! Isigjn^J to the locked second frequency generator is sampled during 
recep|iJn,|ahd |he sampled control signal is used to control the frequency 
modulation deviation during transmission. 




j \ A -transceiver as claimed in claim 3, wherein the second 
fTequer^ jg^ne^tor comprises a voltage controlled oscHlator. 

A -transceiver as claimed in claim 3, wherein the second 

fraqu^y b^ne^ator comprises a numerically controlled oscillator, 

.. 5 . j ; '«. .. 

• .; • i !- 1 1 : 
• • • *• i . • 
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^ : : A transceiver as claimed in claim 1, wherein the first frequency 
iof comprises an oscillator operating at the nominal carrier frequency. 

*" " : i \ f • I jA transceiver as claimed In claim 1, wherein the first frequency 
fle H ra H ^P 1136 * an oscillator operating at a frequency higher than the 
norftrisj *arrjer frequency coupled to a division element which deliver? in- 
pha^e and quadrature signal components at the nominal carrier frequency. 

' I J : 

10 t ]• t" ■ I * t^hsceiwr « claimed In any one of claims 1 to 8 ( wherein the 
dcM cjorjve^ion signal can be switched between high side and tow side 

^injdfeiior^ | i 



"If 



J A 



An integrated circuit comprising the radio transceiver as claimed 



15 intfoycjia ofclairnsl to8. 

■ I}-- i i ■ ■■ 

< 1 An integrated circuit comprising the radio transceiver as claimed 

In. 
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